The NxOy family of reactive odd nitrogen compounds contains both highly reactive compounds (e.g., NO, NO2, and NO3), reservoir compounds (e.g., peroxyacetyl nitrate (PAN), HO2NO2, and N205), and compounds that act as virtual sinks (e.g., HNO3 and particulate-nitrate (p-NO•-)). In remote regions free from significant direct sources, tropospheric NO and NO 2 concentrations are often small The NO2 photolytic convertor system uses a XeF excimer laser capable of producing high conversion efficiencies (typically 50-65%), with short total sample residence times (<2 s). The sample residence time through the NO portion of the system was always less than 1 s. These residence times were short enough to minimize potential artifacts associated with the back titration of either ambient NO or photolytically produced NO via reaction with ambient O3 (see also discussions by Ridley et al. Limits-of-detections (LOD's) for signal to noise ratios of 2/1 averaged 3.0 --1.5 pptv for NO and 8 --3 pptv for NO 2. Both LOD's had signal integration times of 3 min for data taken between July 8, and August 10, 1988. A slight increase in background noise counts was experienced in these earlier flights. This problem was corrected and resulted in improving the LOD's for the remainder of the program (August 11-17, 1988) to 1.4 ñ 0.4 and 5 ñ 2 pptv for NO and NO2, respectively. The absolute accuracy of the calibration transfer to the NO and NO 2 measurements was estimated at the 95% confidence limit at ñ 16% and ñ 18%, respectively [cf.
To date, no interference has been identified in the TP/LIF measurement of NO, and interferences are believed to be -< ---2 pptv based upon nighttime measurements of NO mixing ratios at or below the limit of detection. The NO2 photolytic convertor was operated with a wavelength >350 nm. This cutoff wavelength was selected to minimize potential interference from the photolysis of NOx-containing organic compounds. The thermal decomposition of HO2NO2 and N205 yielding NO2 may represent a potential interference in the measurement of NO2 under cold high-altitude conditions, where these compounds have been predicted to have mixing ratios on the order of that of NO2 [Logan et al., 1981] . Attempts to quantify the magnitude of this potential interference are not yet definitive [Gregory et al., 1990a ; Sandholm et al., 1990; Ridley et al., 1989] . If HO2NO2 and/or N205 decomposition took place in these short residence time, thermostated photolyric convertor systems, then it has likely taken place heterogeneously through reactions on the inlet and cell walls, not through homogenous decomposition in the gas phase. In this case, the magnitude of the interference would be relatively insensitive to modest variations (twofold to threefold) in sample flow rate (an often used test for possible interferences). Final resolution of any potential problem arising from the decomposition of unstable NO2-containing compounds requires further study. Until these issues can be more clearly discriminated, the NO2 measurements presented here may need to be considered as upper limits under some sampling conditions (e.g., cold high altitude, and plumes rich in labile or photolytically active NOx-containing compounds). It should be noted, however, that the NOx/NOy and NOx/PAN ratios reported here and in a companion paper by Singh et al. [this issue (a)] represent some of the smallest free tropospheric values measured to date with the smallest ratios observed at the higher (i.e., colder) altitudes.
The TP/LIF sensor continuously measured the small background signal generated by the 226-nm laser beam, by tuning the laser wavelength off of the NO X2II --• A2E transition, and by blocking of the IR laser beam. This dominant background component of the instrument was subtracted for all measurements. Ambient nighttime clean air measurements made with our instruments yielded NO mixing ratios below, or at, the instrumental limit of detection. These nighttime values were often smaller than those measured from sampling zero-grade air gas cylinders. Similarly, mixing ratios of NO and NO2 measured in "clean" ambient air have been less than those measured in air from cylinders. In the case of NOy, a combination of chemical scrubbers has often reduced the mixing ratios of NOy measured from zero-grade air cylinders by factors of twofold to fourfold. Based on these observations, the data set presented here has not been altered by the NO, NO2, and NOy concentrations measured in the gas streams produced from zero-grade air gas cylinders and associated flow line hardware (where in these ground tests -•20 m of additional flow line was added to the system). These results suggest possible systematic differences of approximately 4 __ 4 pptv for NO, 8 --8 pptv for NO2, and 60 --60 pptv for NOy could exist between the data reported here and other data sets in which zero-grade air NO, NO2, and NOy "blank" values were subtracted from ambient air measurements unless some other collaborating background measurement has been made (e.g., the routine measurement of nighttime NO mixing ratios not influenced by local sources). The chemiluminescence-based NO, NO2, and NOy measurements made at the ABLE 3A ground site were also not corrected for zero-grade air "blanks." These NOx and NOy measurements were in good agreement when extrapolated to those made on board the aircraft. However, small (0-4 pptv) differences in NO were incapable of being discerned even though an offset of about +2 pptv was reported for the ground-based data [Bakwin et al., 
this issue].
Limits-of-detections (LOD's) for signal to noise ratios of 2/1 averaged 3.0 --1.5 pptv for NO and 8 --3 pptv for NO 2. Both LOD's had signal integration times of 3 min for data taken between July 8, and August 10, 1988. A slight increase in background noise counts was experienced in these earlier flights. This problem was corrected and resulted in improving the LOD's for the remainder of the program (August 11-17, 1988) to 1.4 ñ 0.4 and 5 ñ 2 pptv for NO and NO2, respectively. The absolute accuracy of the calibration transfer to the NO and NO 2 measurements was estimated at the 95% confidence limit at ñ 16% and ñ 18%, respectively [cf. Gregory et al., 1990a, b] . The NOy measurements were consistently above the detection limit and typically exhibited a measurement precision (at the 95% confidence limit) of ñ8.5% and ñ 15% at 700 and 200 pptv, respectively. NO and NOy data were reported for 1-min integration times. NO 2 data were reported using either 3-or 6-min signal integration time periods. The summer of 1988 was somewhat warmer and drier than the climatological mean for the Bethel region, especially early in the season, whereas conditions at Barrow were close to the norm. During the ABLE 3A program, the air mass back trajectories over the Barrow region correlated reasonably well those of with the 5-year climatology reported by Miller [1981] . Notable, however, was an apparent lack of trajectories originating from the south to southwest (specified as sectors 22 and 23 in Figure 1 of Miller' s paper). These sectors represented a sizable percentage (---30-40%) of the 5-year climatology of July average air mass trajectory origins for the Barrow region. Air masses encountered near Barrow that originated from these sectors were only sampled on portions of missions 6 and 7. Air masses sampled over the Bethel region, however, had a large fraction of trajectories that originated from the south to southwest. Overall, the "snap-shot" view of the troposphere sampled over Alaska for the entire ABLE 3A program appears to represent somewhat typical conditions, as we sampled proportionally from all of the major air mass origin sectors for the region.
OBSERVATIONS AND DISCUSSION
During the ABLE 3A program, the middle/lower tropospheric column over Alaska was frequently stratified. This stratification suggests that the different air masses sampled could have been derived from a variety of source regions. Haze layers were encountered on several missions, and these layers were often apparent in the lidar aerosol data at altitudes from the mixed layer to the tropopause. Brock et al.
[1989] observed similar discrete haze layers within the summertime middle troposphere over the high-latitude regions of North America and Greenland. They described particular haze layers, which were depleted in both 03 and odd nitrogen containing compounds (as measured by a luminol instrument) relative to adjacent air, which contained fewer particles. In these cases, an enhancement in the concentration of nucleation mode particles (<0.1 /am) was also observed within the haze layer along with significant enhancements of new particle production at the layer's boundary. Their findings suggested that these haze layers were probably derived from anthropogenic or biomass burning sources, or both. Based upon their observations and those made during the ABLE 3A program, the occurrence of haze layers appears to be a common phenomenon within the summertime middle troposphere over high northern latitudes.
During July and August, numerous "forest" fires were reported throughout most of Alaska lying south of the Brooks Range (see also discussion by Shipham et fraction of the tropospheric air masses that contained distinct haze layers. Their estimates suggest about 10% of the lower 4-km tropospheric column overflown during the ABLE 3A program contained discrete haze layers. They also estimated the 4-to 6-km region contained 1-4%, and the 6-to 8-km region 1-2%. In addition, Browell et al. estimated the fraction of high-latitude "background" air and air of suspected stratospheric origin. They described high-latitude background air as having 03 mixing ratios in the range of 25-35 ppbv just above the mixed layer (0.5-2 km) that increased in proportion to altitude by 5.5-7.5 ppbv/km. Using this characterization, they estimated that of the encountered air masses, background air was observed about 35% of the time in the 2-to 4-km region and about 50% for both the 4-to 6-km and the 6-to 8-km regions. Characterization of air masses of suspected stratospheric origin was based on 03 mixing ratios larger than values found in background air with coincident small values of aerosol scattering. Air of stratospheric origin was estimated to have been encountered about 35%, 50%, and 50% of the time for the 2-to 4-km, 4-to 6-km, and 6-to 8-km altitude regions, respectively. These estimates only apply to the air masses overflow, and their measurements were limited to cloud-free conditions. Several scientific issues merit clarification prior to our use of these classifications for assessing factors controlling the abundance of reactive odd nitrogen. In particular, air sampled during this program that was characterized as originating from the stratosphere usually contained mixing ratios of H20 that are more typical of the middle/upper troposphere (i.e., >> 15 ppmv). In addition, the representativeness of the carefully characterized haze layers derived from Kuskokwim Delta biomass burning emissions should be addressed prior to extrapolating emission factors to the majority of Alaskan or other sub-Arctic fire emissions. In order to further define the possible impact of haze layers and stratospheric/tropospheric exchange on the reactive odd nitrogen budget within the middle/lower tropospheric column (<6 km) over Alaska, several case studies warrant discussion below.
4.1.
Case Studies 4.1.1. Case study mission 6. The air mass sampled near Barrow, Alaska, during mission 6 (on July 12-13, 1988) contained strata that could be characterized as haze layers, air of stratospheric origin, and back•ound air based upon the previous descriptions. Plates 1 and 2 illustrate the lidar soundings of relative aerosol scattering and 03 mixing ratios measured along a portion of a 6.1-km flight leg during this mission (6). The region between about 4.8 and 5.5 km produced small values of relative aerosol scattering in the near-infrared spectral region (IR = 1.06/xm). These values fell within the range of values used to describe air of stratospheric origin. In addition, 03 mixing ratios within this air parcel were enhanced (i.e., 03 > 70 ppbv) compared to mixing ratios in background air. The region near 3 km appeared to consist primarily of background air. Enhanced values of relative aerosol scattering in the visible wavelength spectral region were observed between 7 and 8 km (zenith IR lidar not operational on this mission). This haze layer extended down to the aircraft altitude and was sporadically sampled along with aerosol-depleted/O3-rich air parcels, during both the 6.1-km flight leg and the spiral descent however, the O3-enhanced region appeared in the form of a distended tropopause rather than a more well-defined 03-enhanced stratum (cf. Plate 3). Back trajectory analysis also indicated that movement of this air parcel was controlled by a ridge of high pressure, which had built up along a line from Norton Sound to Anchorage, concurrent with a low-pressure system over the Aleutians and a strong Polar low located The thin O3-depleted stratum occurring near 10-10.5 km (Plate 1) was observed on several occasions. This type of layer was usually observed just below, or in association with, a thin layer of enhanced aerosol scattering. These strata predominantly occurred within about 1 km of a generally well-defined (via measured 03 profile) tropopause. This trend was also observed over high-latitude regions of Canada during the ABLE 3B program (July/August 1990). On several occasions during the ABLE 3B program, portions of this type of stratum were believed to have been sampled following these air parcels' downward transport into the middle troposphere. NOy was found to be enhanced by about 1.5-to 2-fold within these O3-depleted air parcels, 
PR(O3) = (kl[HO2] + k2[RO2])[NO]
The loss processes of 03, under conditions typical of these air masses, is primarily controlled by the reactions 
where the O(1D) branching ratio BR is given by
BR = k4[H20]/(kq[M ] + k4[H20]). (3)
From (1) and (2) the equivalent concentration of NO,
[NOeq], needed for a zero net rate of 03 production (i.e.,
PR(O 3) = LR(O3)) can be estimated by (k6[HO 2] + BR JO 3 + kd)[O3] [NOeq] = (kl[HO2] + k2[RO2]) . (4)
Equation ( 
[NOeq2] 1.
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Equations (5) and (6) were evaluated using the assumptions described above and for the individual 03, H20, and temperature measurements within the composite data set. The 03 photolysis rate, JO3, was derived from the estimates of Demerjian et al.
[1980] using a parameterized fit, which was similar to that described for JNO 2 by Parrish et al. Figures 12b and 12c) . In addition, the average ratio of C3Hs/C2H 6 was correlated with ratios of C2H2/CO , which suggests common factors Regionally, however, high-latitude biomass burning could have a substantially larger impact. In particular, approximately 50% of high-latitude biomass burning is believed to occur in Siberia [Stocks, 1991] 
